ABSTRACT: The Greenland shark Somniosus microcephalus is the largest fish in Arctic waters and a significant predator that is likely numerous, but little is known about its movement patterns or habitat preferences. In June 2008 and 2009, 20 archival pop-off tags were deployed on Greenland sharks in coastal waters in Svalbard, Norway (~80°N), to address this knowledge gap. Over the period June to December, 14 of the tags reported data. The swimming depth of the sharks was 111 ± 74 m (mean ± SD), but they occupied waters from the surface down to a depth of at least 1560 m (the depth limit of the tags), which is the deepest confirmed record for this species. The sharks displayed a wide range of depths within each 6 h time bin collected by the tags, with no obvious diel movement pattern. They experienced temperatures from −1.5 to 7.4°C (mean ± SD = 3.8 ± 1.4°C). The average depth of swimming increased and temperatures experienced by the sharks decreased from June through December. Most individuals moved north from the tagging area, and travelled a range of distances during their variable deployment times, but most tags popped off < 500 km from the tagging site. The average distance travelled varied from 0.6 to 16.6 km d −1
INTRODUCTION
Advances in satellite telemetry technology have provided new insights into the movement, depth and water temperatures occupied by various fishes, including sharks (Block 2005) . Some telemetric studies also provide specific details about behavior, such as foraging patterns (Sims et al. 2008) . The data generated via telemetry have improved our understanding of important habitat preferences and the influence of oceanographic conditions on shark ecology, which is critical information for their management and conservation. Currently, only very limited information is available regarding the movement patterns and habitats occupied by the Greenland shark Somniosus microcephalus. This species is one of the largest elasmobranchs on the planet and one of only 2 shark species that regularly inhabits Arctic waters .
The known geographic range of the Greenland shark extends from the northern reaches of Baffin Bay southward to the east coast of Nova Scotia in the West Atlantic and from waters around Svalbard southward in deep waters as far as Spain along the European coast in the Northeast Atlantic (MacNeil et al. 2012 ). There have also been observations of Somniosus sp. in deep waters (> 2000 m) off the coast of Georgia, USA (Herdendorf & Berra 1995) , and in the Gulf of Mexico, but these individuals have not been confirmed to be S. microcephalus (Benz et al. 2007) .
The movements and habitat preferences of Greenland sharks across the species' vast geographic range are largely unknown. Traditional fish marking studies on the west coast of Greenland in the late 1940s documented that 1 shark travelled ~1500 km, but most tags were recovered in the general tagging area (Hansen 1963) , although the overall tag recovery rate was low and coastally biased. Three pop-off archival tags were deployed on Greenland sharks in the St Lawrence Estuary, Quebec, Canada, for periods up to 66 d. These sharks generally inhabited deep (325 to 352 m), cold (−1.1 to 8.6°C) water, but they did spend time near shore in shallower water (< 60 m), and they displayed some diel patterns in their vertical movements (Stokesbury et al. 2005) .
Greenland sharks are commonly observed in the North Atlantic by researchers, fishermen and sealers (Dunbar & Hildebrand 1952 , Templeman 1963 ), but no actual abundance estimates have been conducted. There was significant commercial fishing for this species in deep water (> 500 m) off the east and west coasts of Greenland between 1900 and 1960. At the height of the fishery in West Greenland in the 1940s, reported annual catches were estimated to be~50 000 ind. (Jensen 1948) , and to the east, >10 000 ind. were caught annually up until the end of the 1940s (Hoel 1949) . Norwegian catches were also very large (Hoel 1949) , and although the numbers of sharks harvested were not reported, it is likely that combined catches were >100 000 ind. per year based on the amount of liver or liver oil delivered to the market. The lack of population data and reproductive metrics makes it difficult to assess the effect of the historical harvests on the Greenland shark population. The fishery for this species terminated decades ago, when synthetic oils replaced shark oil in the market, and it is likely that the population has in creased during the intervening period. Changes in biomass and population size of large marine vertebrates can have profound effects on ecosystem functioning (Pershing et al. 2010) , perhaps particularly in Arctic waters that have fairly simple food webs and limited annual primary production.
Given the potentially large population size, wide geographic range and broad feeding niche, which includes a top predator component (Fisk et al. 2002 , McMeans et al. 2010 , LeClerc et al. 2012 , there is a need to understand the movements and habitat preferences of Greenland sharks. To address this knowledge gap, 20 ind. were tagged with archival pop-off tags in a fjord in western Svalbard, Norway, to collect depth, temperature and movement data for this littlestudied elasmobranch. This information is of particular relevance given the evidence that these sharks prey on marine mammals in Arctic waters (LeClerc et al. 2011) where changing ice and climate conditions are a concern for marine mammals and ecosystem health (e.g. Johannessen & Miles 2010 .
MATERIALS AND METHODS

Study site, shark capture and tag attachment
Greenland sharks were captured in Kongsfjorden, Svalbard ( Fig. 1) , from 10 to 12 June 2008 and 16 to 22 June 2009. All of the sharks were captured using long-lines (6 mm nylon) with 2.0 m long stainless steel lead lines (3 mm) and large (25 cm long) steel hooks baited with bearded seal blubber (and skin). The distance between hooks was ~50 m, and each line consisted of 20 to 35 hooks. The long-lines were set across bathymetric gradients starting at depths of 60 to 80 m and ending at depths of ~260 to 300 m (see LeClerc et al. 2012 for specific details on locations of set lines). Weather permitting, the long-lines were pulled after 2 d in 2008 and after 1 d in 2009. In 2008, the fieldwork was conducted from a 15 m long fishing boat, the 'Viking Explorer', and in 2009 from the 60 m long RV 'Lance'.
Sharks were chosen for pop-off archival tag (Mk-10 pop-up archival transmitting tag [PAT] , Wildlife Computers) deployments based on their condition when brought to the surface; only sharks that were hooked in the mouth, not bleeding from the gills and with minimal dermal abrasion were tagged. An individual chosen for tagging was secured to the side of a zodiac boat using the hook line and a padded rope was placed around the caudal peduncle. The shark was then pulled a few meters away from the fishing boat for measurement and tagging, which took place in the water. In 2008, total length and sex were determined immediately after capture, and the shark was tagged, the hook was removed, and the shark was released. In 2009, after a selected shark had been pulled away from the fishing boat, 2 small floats were attached to it via a 5 m rope to the caudal peduncle, the hook was removed, and the shark was released attached to the float. After the whole line was pulled, the shark(s) were reassessed (all sharks were active and lively), and the total length, girth and sex was determined. Each shark was then tagged and released. Body masses of released sharks were estimated based on their length to girth ratio. In 2009, a diver observed and videotaped the sharks after release. To 7 of the PAT tagged sharks small accelerometers were attached at the dorsal ridge for 24 h deployments (Table 1) , the results of which are reported by Watanabe et al. (2012) . Both the observations and accelerometers indicated active, normal swimming by the sharks following release.
The PATs were secured to the sharks by inserting a nylon umbrella dart ~10 cm into the dorsal muscle just lateral to the first dorsal fin. The dart was angled to engage the pterygiophores beneath the dorsal fin. The umbrella tip was attached to the PAT with a monofilament leader (400 lb test). In 2008, each tag was fitted with an emergency release device (provided by the manufacturer) that released the instrument at a depth of 1500 m (which is the maximum nominal safe depth for tag operation). This device was not used in 2009.
The PATs were programmed to record depth (± 0.5 m), temperature (± 0.1°C) and light intensity at 10 s intervals for a period of 3 to 12 mo (see Table 1 ). The data were internally binned within 6 h intervals, and the summarized data were transmitted to an Argos satellite when the tag floated up to the surface after release of the PAT from the shark. Binned data included minimum, maximum and mean depth, temperature and light level for each 6 h period. In 2008, PATs were programmed to release from the shark if a constant depth was maintained for a period of 96 h (which might indicate that a shark had died). This function was not used in 2009. PATs were programmed to release at 3, 6 and 12 mo intervals (see Table 1 ).
Statistical analysis
A linear mixed-effects model was used to assess the influence of total length, sex, month and time-ofday (based on binning of data, there were 4 time periods for each day: 00:01 to 6:00 h; 06:01 to 12:00 h; 12:01 to 18:00 h; and 18:01 to 24:00 h) on the average depth and average temperature (for 6 h binned data), as well as to explore possible interactions between month and time-of-day (log [average depth or aver- From the latitude where the sharks were tagged (~80° N), they moved from a period of 24 h of light (June to September) to a period of 24 h dark (November and December). The Time-of-day × Month interactions were not significant, and thus, no effort was made to correct for light level. Because individual sharks included multiple observations, random intercepts were included for individual sharks, to account for both the shark-level variability and uneven sample sizes among individuals. All analyses were performed in R (R Development Core Team 2010); values are presented as means ± 1 SD unless otherwise indicated.
RESULTS
Fourteen of the 20 PATs deployed reported data to ARGOS. Several of the tags released prematurely, 3 of them remaining on the individuals for ≤10 d. Tag no. 2008-6 provided no usable depth or temperature data. Nine tags released at or very close to their designated termination times (Table 1) . Data records lasted from 8 to 196 d (average 104.5 ± 72.4 d). The total number of tracking days for all individuals was 1463, but the completeness of data records varied markedly, ranging from 0.8 to 100% of the time, with data being reported from a total of 34.1% of the time that all sharks combined carried tags (Table 2) . No usable light level data were collected despite the fact that many of the sharks approached or reached the surface.
Upon release, PATs floated to the surface and uplinked to Argos satellites, providing a location fix that is close to the shark's position when the record terminated. Most of the sharks moved northward, only 2 sharks had tags release south of the deployment area ( Fig. 1, Table 1 ). According to these location data, the minimum distances travelled by the sharks varied from 20 to 980 km, and the average distance travelled ranged from 0.6 to 16.6 km d −1 (Table 1) . It must be stressed that these are crude measurements of the minimal distance and speeds of travel. The sharks travelled within a wide range of depths but mainly occupied the top 150 m of the water column (Fig. 2) . Most of the sharks spent at least some time in water < 20 and > 300 m, with oc casional dives to depths that were much greater (Table 2) . Approximately one-third of the sharks ap proached the surface (0 to 8 m), and 1 shark reached a depth of 1560 m (which engaged the release mechanism on the tag). An initial mixed effects model using only shark iden- tification numbers (null model) found that variation in average depth was somewhat greater within individuals than among individuals. A second, full mixed effects model that included covariate information showed that total length and time of day had little effect on depth, but sex, month and the Sex × Month interaction did show differences. The effect of sex was small overall (<1 m overall difference between sexes based on mean values), but greater differences occurred when month-by-month data were examined. However, it should be noted that there were more than twice as many data points for females (n = 1672) than for males (n = 642). Model output suggested that males were found at greater depths (all means ± SD) in June, July and October (119 ± 85, 129 ± 14 and 130 ± 55 m, respectively) compared to females (94 ± 35, 103 ± 50 and 110 ± 48 m, respectively), but males swam more shallowly in August and September (81 ± 45 and 83 ± 40 m, respectively) than females (109 ± 48 and 101 ± 37 m, respectively). There were only 5 data points for males in November (73 ± 3.3 m) and none in December, but females were at their greatest depths in these months b minimal and maximum depth difference are the smallest recorded differences between minimum and maximum depth for any 6 h period binned by the PAT; c mean difference in maximal and minimal temperatures for each 6 h period binned by the PAT. d Minimal and maximum temperature difference are the smallest recorded differences between minimum and maximum temperatures for any 6 h period binned by the PAT (132 ± 95 and 164 ± 103 m, respectively). The depth experienced by the sharks over individual 6 h bin periods was 110 ± 84 m, but the range varied widely from 16 to 984 m (Table 2) , suggesting significant up and down movements through the water column over relatively short periods of time (6 h) (Fig. 3) . The temperatures (all means ± SD) experienced by the Greenland sharks ranged from −1.5 to 7.4°C (3.8 ± 1.4°C), but mostly were between 3 and 5°C (Fig. 2, Table 2 ). Only 1 PAT (Shark 2009-2) reported sub-zero temperatures (including the low of −1.5°C), and although there were very few temperatures reported below 0.5°C, most sharks experienced a temperature of 0°C at some point in their data records (Table 2) . A mixed effects model using only shark identification number (null model) found that variation in mean temperature was comparable within individuals and among individuals. A second, full mixed effects covariate model provided similar results to depth; total length and time of day had little effect on temperature, but sex, month and the sex × month × interaction showed differences. The effect of sex on temperature was small overall (< 0.1°C) but, similar to the pattern with depth, differences between sexes varied with month. Males experienced more consistent temperatures across the months, although there was very little data in November (n = 5, all 4.5°C) and none for December. Males experienced warmer temperatures in June, July and August (3.3 ± 1.5, 4.2 ± 1.2 and 4.1 ± 1.3°C, respectively) compared to females (3.2 ± 1.1, 3.1 ± 1.3 and 3.5 ± 1.7°C, respectively). Males experienced colder temperatures in September and Oc tober (4.3 ± 1.3 and 4.0 ± 0.6°C, respectively) compared to females (4.7 ± 1.1 and 4.6 ± 0.6°C, respectively). In November and December, females experienced temperatures (4.7 ± 0.6 and 4.3 ± 0.7°C, respectively) similar to those in September and October.
Similar to the depth pattern, sharks experienced a relatively broad range of temperature within each 6 h period, with a mean temperature variation of 1.2 ± 0.9°C and a maximum of 5.8°C (Table 2 , Fig. 4 ).
DISCUSSION
Archival pop-up satellite tags revealed that Greenland sharks in the High Arctic (~80°N) use a wide range of water depths (from surface to >1500 m), moving up and down through the water column over fairly short time periods (6 h). They experienced temperatures from −1.5 to 7.4°C and travelled significant distances (> 950 km) but with no apparent migratory direction. The tagged sharks moved into deeper, warmer waters in the period from June through to December. No diel patterns were evident, and no relationships with total length were observed in Fig. 3 . Somniosus microcephalus. Average, minimum and maximum depths over (a) the time at liberty and (b) a 1 wk period in July for Greenland Shark 2008-5. This individual reported the most data; the profiles are similar to those of the other sharks either depth or temperature records, but it must be noted that the size range of the sharks in the present study was relatively limited, and all individuals were sexually immature. Overall, there was little difference in depth or temperature experienced by the 2 sexes, but on a monthly basis, males and females occupied different depths and experienced different temperatures. However, these differences were numerically small (< 30 m and <1°C) in comparison to the total depth and temperature ranges experienced. The general perception is that Greenland sharks are a benthic species, but this is clearly not their only habitat, or even the primary habitat, of immature individuals given the range of depths and the frequency of trips to the surface documented herein. The swimming depth of the sharks was 111 ± 44 m, which is similar to depths reported for other pelagic shark species, such as the blue shark Prionace glauca, although there was considerable inter-individual variance (Stevens et al. 2010 , Campana et al. 2011 ). On average, males swam significantly deeper than females. Although this difference was minor overall (<1 m), it did vary depending on the month, with males swimming at deeper depths in June, July and October. However, there were few data points for males in November (n = 5) and December (n = 0), so conclusions about sex differences in these colder months are not possible.
The depth records for the Greenland sharks showed that they make regular movements up and down through the water column, as the minimum and maximum depths within 6 h time periods differed by 110 ± 84 m. This large variation in depth may reflect oscillatory swimming patterns, which are common in marine teleosts and elasmobranches; this pattern has been linked to prey searching or finding optimal temperature and oxygen levels (e.g. Sims et al. 2008 , Nasby-Lucas et al. 2009 ). Watanabe et al. (2012) reports oscillatory dive patterns for a number of Greenland sharks that carried accelerometer tags for 24 h. This swimming pattern has also been observed in Greenland sharks from the Canadian Arctic (Skomal & Benz 2004 ) and the St. Lawrence Estuary (Stokesbury et al. 2005) as well as being documented in the closely related (Murray et al. 2008) Pacific sleeper shark Somniosus pacificus (Hulbert et al. 2006 ). This species is very similar to the Greenland shark in size and body shape (Yano et al. 2007 ).
The range of depth differences within 6 h periods was also highly variable, as all individual sharks had periods of low (< 64 m) and high (> 216 m) variation, with a maximum change of 984 m within a single 6 h period. Such variation in depth of swimming by Greenland shark has been noted in other studies (Skomal & Benz 2004 , Watanabe et al. 2012 ). Movement through the water column could be influenced by a variety of factors, such as prey availability, bathymetry or oceanographic variables. The PATs used do not provide data specific enough to identify whether dive behavior is oscillatory or to quantify the amplitude or regularity of potential oscillations.
Diet studies on Greenland sharks are consistent with an animal that feeds throughout the water column and suggest that the large variation in depths observed over 6 h periods might be related to searching for prey. Stomach content analysis of Greenland sharks collected in the same area and at the same time as the present study revealed that benthic fish species and marine mammals were the most commonly consumed prey (LeClerc et al. 2012 ). This is consistent with studies carried out in the Canadian Arctic (Fisk et al. 2002) and in Iceland (McMeans et al. 2010 ). As 9 of 14 sharks reached depths of <16 m, it is probable that they actively search for prey near the surface quite routinely. LeClerc et al. (2011) noted surface feedings in Greenland sharks which consumed floating blubber from harvested minke whales Balaenoptera acutorostrata. Skomal & Benz (2004) suggested that Greenland sharks search for marine mammals in surface waters under sea ice, based on acoustic telemetry studies that showed sharks making numerous trips up into shallow water near or under sea ice. In our study, many of the PATs released close to ice edges, a hot spot for seals and marine mammals. Hulbert et al. (2006) also concluded that the time spent in shallow water by Pacific sleeper sharks was related to hunting for seals. Thus, evidence is building that sleeper sharks actively search for marine mammal prey, though it is clear that they also scavenge (LeClerc et al. 2011 ).
The depth of 1560 m, achieved by 1 of the tagged Greenland sharks in Svalbard, is the greatest confirmed depth for this species. This individual may have gone deeper, but the built-in depth protection device released the tag. Sharks that were thought to be Greenland sharks were reported at greater depths (> 2000 m) off Georgia, USA (Herdendorf & Berra 1995) , and in the Gulf of Mexico, but these individuals have not been confirmed to be Somniosus microcephalus (Benz et al. 2007 ). But, in any case, it is clear that Greenland sharks can achieve depths >1500 m, placing this species among the deepest diving sharks (Priede et al. 2006) .
Greenland sharks experienced temperatures between −1.5 and 7.4°C in this study but were usually found in the 3 to 5°C range. Male sharks were on average found in warmer water than females, but the sex-related difference in temperature was small (<1°C) and varied with month. Males stayed at a more consistent temperature from June to October, while females moved from colder temperatures in summer (June to August) to warmer temperatures during fall and early winter (September to December). The water temperatures recorded from Svalbard were similar to the temperature range reported for Greenland sharks in the St Lawrence Estuary (−1.1 to 8.6°C) (Stokesbury et al. 2005) . Greenland sharks can deal with temperatures < 0°C (Skomal & Benz 2004 ). Tolerating such cold temperatures makes the Greenland shark unique among ectothermic sharks (see also Stokesbury et al. 2005 , Watanabe et al. 2012 ; the Pacific sleeper shark in the north-east Pacific Ocean has not been reported to experience temperatures < 4.4°C (Hulbert et al. 2006) . The high tolerances to both cold and depth means that the geographic range of the Greenland shark could extend much further north (and south, by travelling in deep cold water) than is currently documented.
The average, minimum and maximum depths and temperatures of the Greenland sharks showed no relationship to time of day. However, because data were binned into 6 h time periods and fewer data were available during periods of light and dark, these results should be viewed with caution, and this topic requires further study. Also, ambient light levels, ranging from 24 h light to 24 h dark in the study period, may be the reason for the lack of pattern on the 24 h cycle in this study, but more specific depth records over shorter time periods are required. The apparent lack of a diel pattern is in contrast to many other shark species that commonly show quite marked diel vertical movement patterns (Weng & Block 2004 , Sims et al. 2005 , Weng et al. 2007 , Andrews et al. 2009 ), including the Pacific sleeper shark (Hulbert et al. 2006 , but also see Brunnschweiler et al. 2010) . There is some evidence that Greenland sharks display diel movement patterns in the St. Lawrence Estuary, although not at all locations in the area (Stokesbury et al. 2005) ; however, the sample size was only 3 sharks (Stokesbury et al. 2005) .
There appeared to be no specific pattern to the direction of Greenland shark movements based on the tags' pop-off locations, although in general, most sharks moved northward from the release sites. Five sharks moved a considerable distance to the east. Both the easternmost (40.8°E) and northernmost (82.4°N) locations represent the extremes reported to date for this species' distribution. There is no obvious barrier to Greenland sharks moving further in both of these directions, and they may well be prevalent throughout the Arctic Ocean; unfortunately, there are almost no data on fish in the Arctic Ocean. Arctic waters above the Bering Strait would be of particular interest because the distributions of the 2 Somniosus species could potentially overlap in this region (see Benz et al. 2004 ). To date, no Greenland sharks have been found in Pacific waters, and no Pacific sleeper sharks have been ob served in Atlantic waters.
The distance travelled and the crude rate of travel calculations varied greatly among the Svalbardtagged Greenland sharks. However, neither of these metrics is actually measured directly by the PATs; only crude approximations are possible from the time and place of marking versus the tag release position and time. Very few light data (< 20 data points across a number of sharks) were collected by the tags in the present study, and these data made no sense when estimates of latitude and longitude were computed, so even crude geolocation data are not available. It seems likely that sharks that had the PATs pop-off near the tagging site had actually moved away but returned to the tagging area, as most of these sharks had experienced deeper depths than would be possible in the tagging area.
Greenland sharks from Svalbard (the present study) and western Greenland (Hanson 1963) had greater displacement distances than those reported for Pacific sleeper sharks (Hulbert et al. 2006) , although it must be noted that the Pacific sleeper shark tags were deployed for a shorter period (< 50 d). However, the greatest distance travelled by a Svalbard Greenland shark is much smaller than has been recorded for many other shark species, some of which make trans-ocean migrations (Block et al. 2011) . But given the limited deployment times of the tags in the present study, the range that Greenland sharks travel on an annual basis might be great, and further study of their movement patterns is certainly warranted.
The greatest rate of travel achieved according to time and total displacement was 16.6 km d −1 (Shark 2009-7) . This is less than half the average (0.34 m s ) swimming speed measured using accelerometers over a 24 h period (using many of the same sharks as the present study) (Watanabe et al. 2012) , so clearly, there is considerable up and down movement combined with non-linear paths. Shark 2009-7 had one of the shallowest maximum depths (352 m) but swam > 500 km from the tagging location into the shallow Barents Sea. This individual also had the lowest mean depth differences over the 6 h bin periods (79 m), which indicates that the Greenland shark may be able to modify behavior such that they can travel significant distances more quickly. However, the rate of travel is clearly much slower than fastswimming shark species found in warmer waters (Sundström et al. 2001 , Saunders et al. 2011 .
The number of PATs that reported data was poor compared to similar deployments on other shark species. In 48 previous shark PAT studies the failure rate (i.e. no reporting by the tag) of tags was generally low (Hammerschlag et al. 2011 ). However, since many of the sharks moved north and east, it is likely that the PATs that did not report were released under sea ice, which is very prevalent in this direction from Svalbard (see AMSR-E Sea Ice Maps) (Spreen et al. 2008) . The most northerly and easterly reporting tags (Shark 2009-M), popped up in an area with 75 to 100% ice cover (AMSR-E Sea Ice Maps) (Spreen et al. 2008) . Some other tags also reported from areas very close to ice edges, and a number of them for the first time a few days after the set release date and often with very small amounts of data (<1%), suggesting they had been under ice for several days. Reporting rates for tags in temperate and tropical locations are usually higher; for ex ample, 18 of 20 PATs attached to bull sharks Carcharhinus leucas in sub-tropical waters reported (Brunnschweiler et al. 2010) , as did 37 of 40 PATs for blue sharks Prinonace glauca in the North Atlantic (Campana et al. 2011) . The use of pop-off tags in Arctic waters with yearround ice is an obvious challenge.
A number of the PATs popped off prematurely, which is not uncommon for this type of tag when used on sharks (see Hulbert et al. 2006 , Chapman et al. 2007 , Hammerschlag et al. 2011 . Other studies attribute premature release of tags to poor insertion or anchoring of tags, which are often deployed by divers on free-moving individuals (Brunnschweiler et al. 2010 ). This was not the case in the present study. One explanation for premature release of tags could be the death of the individual, but we have no evidence of this in the movement data. In 2008, tags were programmed to release if a constant depth was maintained over 4 d, but none of the premature releases indicated this (2009 tags had this function disabled). Results from the 6 Greenland sharks monitored continuously for 24 h after release (Watanabe et al. 2012 ) and diver observations of all tagged sharks in 2009 showed consistent and sustained swimming following release. The lowly calcified cartilage of the Greenland shark might contribute to the premature releases of the tags, as the cartilage of the pterygiophores may hold better in shark species with greater calcification.
Using PATs, we demonstrated that Greenland sharks move widely and forage throughout the water column in High Arctic waters around Svalbard, Norway. These sharks occupied depths from the surface to >1500 m and temperatures from -1.5 to 7.4°C. There was no evidence of diel patterns by the sharks but their depth and temperatures decreased from June to December. Most tags popped-off within 500 km of the tagging location, but 2 sharks moved 720 and 980 km to the northeast. These data represent the deepest confirmed depth and the most northerly and easterly locations of these large coldwater elasmobranches. 
